INTRODUCTION {#s1}
============

Generally, stroke patients have severe disabilities such as hemiplegia, abnormal walking, and reduced balance ability[@r1]^)^. In particular, the decrease of balance ability causes a lot of difficulty in performing activities of daily living, and in severe cases, stroke patients may be exposed to the risk of falling[@r2]^)^. Therefore, restoration of balance ability is one of the most important clinical goals in the rehabilitation of stroke patients[@r3]^)^. Generally, lack of balance ability is caused by various causes, such as spasticity[@r4]^)^, muscle strength weakness[@r4]^)^, and hemiplegia[@r5]^)^, but foot drop, which is caused by stiffness of plantar flexors, weakness of dorsiflexors, and increased spasticity, is one of the most important causes[@r6]^)^. Therefore, foot drop treatment is often a common approach used to restore balance ability clinically, and the most representative treatments are the Functional Electrical Stimulation (FES) and Ankle Foot Orthosis (AFO)[@r7]^)^. Recently, a robotic device[@r8]^)^ is used to correct foot drop in some cases, but the three treatment methods mentioned above (FES, AFO, and a robotic device) are expensive, inconvenient to carry, and not aesthetically good in appearance.

To overcome these drawbacks, taping that is easily applicable and inexpensive is widely used as an alternative treatment method. The purpose of this study was to evaluate the immediate effects of application of ankle eversion taping using kinesiology tapes on the dynamic and static balance of patients with foot drop after stroke.

SUBJECTS AND METHODS {#s2}
====================

9 subjects were recruited and all subject met the inclusion criteria for study procedure. Subjects were recruited from D rehabilitation center, after providing informed, written consent. Written informed consent according to the ethical standards of the Declaration of Helsinki was provided by all subjects prior to participation, and all agree to participate in this study. Subjects include 5 males and 4 females; Stroke types included 3 hemorrhagic and 6 infarction. The mean age of the subjects was 64.78 ± 8.12 years, height was 164.78 ± 10.58 cm, weight was 64.22 ± 17.09 kg, and years since onset 7.41 ± 1.87 years. The enrollment criteria applied were as follows: (1) Index stroke\>6 months prior in women or men with foot drop (equino-varus deformity), (2) Brunnstrom's stage of motor recovery for the affected lower limb range of 3--5, (3) residual hemiparetic gait deficits, operationally defined as reduced stance phase in the paretic leg and ambulatory with or without any assistive device[@r9]^)^, (4) ability to understand and follow simple verbal instructions, (5) independent gait ability to walk at least 15 m without assistance, (6) no disability in visual, auditory, and vestibular organs, (7) no history of orthopedic diseases, such as contracture, fracture, or arthritis in lower limbs, and (8) a Mini-Mental State Examination score greater than 24/30[@r10]^)^.

Exclusion criteria were as follows: (1) neurological problems other than stroke that would interfere with gait and balance control, (2) pain, limited motion, or weakness in the non-paretic lower extremity that affected performance of daily activities (by self-report), and (3) have taping side effects such as skin redness.

A cross-over randomized design was used. Each subject performed three interventions in random order. Subjects were randomly assigned to a ankle eversion taping, placebo taping, and no taping. Subject characteristics and all outcome measures obtained before and after treatment were assessed by Physician 1, who was blinded to treatment allocations. Intervention was performed in a closed room by Physician 2, who was not involved in subject assessment. Both physicians were instructed not to communicate with subjects about study goals or treatments.

This study used kinesiology tape (Kinematics Tex, SPOL Co., Ltd., Seoul, Korea) with elasticity. The patient is seated in a comfortable position on a table that is high enough to prevent the feet from touching the ground, while the therapist applies the tape on the damaged ankle stretched with a tension of 70--80%.

Ankle Eversion Taping (AET) consists of two stages[@r11]^)^. The first stage is posterior talar gliding taping to increase the dorsiflexion of the ankle. The second stage is eversion taping for the eversion of ankle. It sets the patient's ankle in a slightly eversed state and begins from 5 cm above the outer malleolus, passes through the back side and down of inner malleolus and wraps up the sole from the inside to outside. This stage applies the Kinesiology tape twice, with approximately 50% overlapping. Since the patients have a disability in the equino-varus deformity of foot due to stiffness of plantar flexors, weakness of dorsiflexors and increased spasticity, taping is done twice in order to reinforce the inversion of ankle through eversion taping application.

Placebo taping can be classified into two stages[@r12]^)^. The first stage begins from the inner malleolus, and it is applied up to the inner middle point of the lower limb. The second stage begins from the outer malleolus up to the outer middle point of the lower limb.

For postural adjustment ability, center of pressure (COP) was measured using BIORescue (RM Ingenierie, Rodes, France). The elements measured included the sway length and sway speed to evaluate the static balance ability; low value indicated good balance ability. Also, the element measured included the Limit of stability (LOS) to evaluate the dynamic balance ability; high value indicated good balance ability. Limit of stability (LOS), sway length, and sway speed were measured for one minute.

Statistical analysis was performed using SPSS (SPSS Inc. Released 2009. PASW Statistics for Windows, Version 18.0. SPSS Inc., Chicago, IL, USA). General characteristics were analyzed using descriptive statistics and results are reported as means and standard deviations. One-way repeated ANOVA was used for the group analysis, and the post-hoc Tukey test was used to correct for multiple comparisons. Null hypotheses of no difference were rejected if p-values were less than 0.05.

RESULTS {#s3}
=======

AET showed significantly difference of Limit of Stability, Sway length, and Sway speed than NT and PT (p\<0.05) ([Table 1](#tbl_001){ref-type="table"}Table 1.Comparison of the limit of stability (LOS), sway length, sway speed among the three conditions (n=9)Mean ± SDPost-hocNTPTAETLOS (mm)3,185.6 ± 2,149.43,569.3 ± 2,431.64,362.0 ± 2,700.3AET\>PT AET\>NTSway length (cm)36.2 ± 11.433.0 ± 8.528.9 ± 8.2AET\>PT AET\>NTSway speed (cm/s)0.6 ± 0.20.5 ± 0.20.5 ± 0.1AET\>PT AET\>NTNT: no taping; PT: placebo taping; AET: ankle eversion taping).

DISCUSSION {#s4}
==========

This study was conducted to evaluate the immediate effects of Ankle Eversion Taping with a kinesiology tape on the dynamic and static balance of chronic stroke patients with foot drop. After the application of ankle eversion taping, the dynamic and static balance abilities of chronic stroke patients were significantly improved. In addition, sway length and sway speed (measures of static balance) and limits of stability (LOS) (a measure of dynamic balance) were statistically significantly improved, compared with the other two interventions (placebo taping and no taping).

This study suggests that there are several mechanisms for the effects of kinesiology taping in improving the balance ability of chronic stroke patients. First, ankle eversion taping is generally a mechanical taping method to correct the alignment, not the way to apply a kinesiology tape to muscles. The effect of kinesiology taping on correcting this alignment has been reported in many studies. Han et al.[@r13]^)^ reported a mechanical effect of using a kinesiology tape on a rounded shoulder posture. Lee et al.[@r14]^)^ demonstrated that a change in the pelvic angle can be caused by applying the Anterior Pelvic Tilt Taping (APTT), a mechanical method, to the slump sitting of the workers who work sitting for a long time. Another mechanism can be described as a methodological part of the AET. As mentioned earlier, the AET used in this study employed the method suggested by Lee et al.[@r11]^)^ as a mechanical taping method. This AET method was applied to patients with ankle inversion sprain injury and it was shown to improve functional dynamic balance.

The current study has several limitations. First, the small sample size may have influenced certain variables and influenced the results. Therefore, these results cannot be generalized to all subjects who have ankle instability. Second, the current experiment is a crossover design, which makes it difficult to observe the learning effect of taping.

Further studies, including a long-term follow-up assessment, are needed to evaluate the long-term benefits of balance taping. In conclusion, the application of Ankle Eversion Taping that uses kinesiology tape instantly increased the dynamic and static balance ability of chronic stroke patients with foot drop. Therefore AET can be a useful alternative to treat chronic stroke patients with foot drop.
